Introduction
Kempenhaeghe Centre for Epilepsy is a hospital for children and adults with severe epilepsy in The Netherlands. It also provides residential facilities for adults with severe refractory epilepsy. During the years 1995-2004 a number of adult patients developed a cervical spinal cord injury (c-SCI). These injuries were caused by falls, the victims were relatively young. Diagnosis and rehabilitation of our cases was found to be unorthodox due to the patients characteristics and co-morbidity. There are many reports on spinal cord injuries (SCI) due to seizures, but the majority of these focus on thoracic and lumbar injuries that are usually caused by the strong muscular contractions during seizures. Only one article on c-SCI within this specific population was found. 1 In order to draw lessons from these cases and hoping to contribute to an increasing knowledge concerning c-SCI in this population, we decided to collect our data and analyse risk factors and difficulties in diagnosing and treating these cases.
Methods
Kempenhaeghe medical records were used to identify cases with c-SCI. After obtaining permission from their guardians, we investigated the medicaland nursing files, as well as the X-rays. We looked into personal factors (age, type and severity of epilepsy, medication, mobility, co-morbidity) and Seizure (2006) factors related to the c-SCI (imaging of the cervical spine, diagnosis, rehabilitation process and recovery) of our cases.
Results
Between 1995 and 2004 the number of adult residents with severe refractory epilepsy in our centre varied from 246 to 270. A proportion of these residents is bedridden or wheelchair dependent. We identified four cases that developed a c-SCI in this period. Their characteristics are shown in Table 1 .
Neurological deterioration due to c-SCI always followed a fall, in three of the cases this fall was the result of a seizure. Two cases used a protective helmet, one of them wore the helmet at the time of injury. Our figures lead to an estimated incidence of 1600 c-SCI (per million patients with severe refractory epilepsy per annum). This number is 30-40 times higher than the incidence of all traumatic SCI at any spinal level within the US population (including traffic accidents and sports injuries)! 2 Our search for epidemiological data of c-SCI in people with succesfully treated epilepsy remained fruitless. Their risk of acquiring SCI's therefore has never been recognised as significant, when compared to the general population.
Medical records showed that all of our cases had been using at least three anti-epileptic drugs (AED) for many years. They had all suffered one or more fractures prior to their c-SCI.
Chronic use of AED is reported to be a factor leading to decreased bone mineral density, 3 but only one of our cases was known to have osteoporosis before her c-SCI. Most of our residents use combinations of AED. We have no reliable figures on the prevalence of osteoporosis within our centre.
Diagnosis of c-SCI was delayed in all of our cases. The interval between the fall leading to the c-SCI and establishment of diagnosis by MRI-scan of the cspine was 1-24 days (average 10 days). The cases all suffered a simultaneous head injury. X-ray findings, neurological data and the functional status postrehabilitation are mentioned in Table 2 .
Pre-existing neurological and cognitive deficits made it extremely difficult to use the -in rehabilitation medicine commonly used -ASIA-classification in the incomplete cases. Spinal cord injuries are usually classified according to the 'International Standards for Neurological and Functional Classification of Spinal Cord Injury' (Table 3 ). This system is Three cases were rehabilitated in the Centre for Epilepsy. Their trainability and needs were thought to be best met by training and care on site with familiar nurses and therapists. The youngest case was admitted to a nearby general rehabilitation centre. Prior to his c-SCI he was more mobile and independent than the others. The three incomplete cases regained a limited walking ability with walking aids, the complete SCI-case remained wheelchair dependent. All cases required more ADL-help following their c-SCI.
Discussion
The high incidence of c-SCI in our population suggests that a c-SCI is not just a rare complication in (walking) adults with severe refractory epilepsy. All c-SCI were caused by falls, usually (three out of four) following a seizure. All cases had a head injury, simultaneously. The incidence we calculated may be an underestimation, since c-SCI in these patients are easily missed. Pre-existing neurological symptoms, post-seizure drowsiness (following the head injury and the administration of extra AED), pre-existing cognitive defects and incontinence may all lead to underreporting. Fatal c-SCI may even be wrongly attributed to other factors. Delay in diagnosis seems common, due to the same factors that may lead to underreporting. In case 3 two CT-scans of the skull were done prior to diagnosing the c-SCI, assuming that the new neurological symptoms were the result of a cerebral lesion (i.e. traumatic brain injury), Factors contributing to the risk of developing c-SCI in this population are: (1) epilepsy itself (strong contractions, frequency of seizures), (2) it's neurological sequelae (impaired balance and mobility, cognitive defects), (3) spinal characteristics (ankylosis, narrow spinal canal), (4) side-effects of the prescribed AED (impaired balance, cognitive defects) and possibly (5) the helmet (which may lead to an increased momentum/force on the cervical spine when falling on the head). Patients that can walk probably run a greater risk, but a new SCI in wheelchair dependant cases on the other hand may be easier to miss. We saw no vertebral fractures; therefore, we were not able to confirm a role of osteoporosis in our cases.
Depending on the medical status, the trainability of the cases and therapeutic and nursing possibilities within the institution, treating these c-SCI in their own residential setting is a possibility. Rehabilitation in spinal units (SU) is not automatically a first choice treatment for these cases, since SU's may have problems offering a safe environment, or difficulties in handling the epilepsy and special needs of this population.
It is important that the awareness of the risk within this population of developing c-SCI (or other SCI, for that matter) receives more widely recognition, especially in centres that treat this population.
Because of this population's high risk of acquiring a c-SCI, it may prove worthwhile to develop protocols that lead to prevention and earlier diagnosis. Prevention may be easier said than done, but earlier diagnosis will lead to a better treatment of this condition and prevention of deterioration, e.g. by preventing further falls and the use of collars that may protect the damaged and therefore vulnerable cervical spine.
More reliable figures may be obtained from further research, especially on emergency room procedures following a fall with head injuries, possibly missed cases, the pros and cons of helmets (the mechanical effects of their shape on the cervical spine when falling) and on the degenerative changes in the cervical spine of this population.
